We propose a new method for the numerical solution of a class of twodimensional parabolic problems. Our algorithm is based on the use of the Alternating Direction Implicit (ADI) approach in conjunction with the Chebyshev tau meshless method based on the highest derivative (CTMMHD). CTMMHD is applied to solve the set of one-dimensional problems resulting from operator-splitting at each time-stage. CTMMHD-ADI yields spectral accuracy in space and second order in time. Several numerical experiments are implemented to verify the efficiency of our method.
Introduction
In this paper, we present a new method, which combines the well-known Alternating Direction Implicit (ADI) method [1] with Chebyshev tau meshless method based on the highest derivative (CTMMHD) [2] .
The tau approach is a kind of classical meshless method. In the previous study, we have proposed Chebyshev tau meshless method based on the highest derivative (CTMMHD) [2] . The starting point is the Chebyshev expansion of the highest derivative, and then the lower derivatives and the unknown function are constructed through an integration process. It is worthwhile to mention that for one dimensional problem, CTMMHD leads to the coefficients matrices with low magnitude condition numbers   1  . Alternating Direction Implicit (ADI) approach is of interest since it can solve multi-dimensional problems as a series of one dimensional problems. Hence, there is a significant reduction in the computing time and storage requirements. Moreover, ADI algorithms can yield unconditional stability at approximately the same cost per time-step as explicit finite-difference formulations [3] . Various finite-difference-based ADI algorithms for unsteady convection-diffusion problems have been put forward [4] [5] [6] . ADI methods have also been previously used in conjunction with spatial differentiation methods which, do not rely on finite differencing in recent years, for example, Bruno and Lyon developed Fourier-Continuation Alternating-Direction (FC-AD) methodology [3] .
In our method, the original two-dimensional problem is reduced to a system of Ordinary Differential Equations (ODEs) by the classical ADI approach [1] . To complete the time-stepping algorithm, each ODE is solved by CTMMHD. Our method yields spectral accuracy in space and second order in time. This paper is the first step of the application of CTMMHD-ADI for solving time dependent problems.
Chebyshev approximation

Integration and multiplication of Chebyshev expansions
The Chebyshev polynomial   i T x satisfies the following property [7] 
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We introduce the approximation
and establish a scheme of the form
where n u  is the approximation to the exact solution n u . Eqn. (7) predicts a second order accurate in time [3] . In order to facilitate the description of our algorithm, we introduce the new variables
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With the block matrix technique, denote
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Based on the boundary condition treatment described in [2, Sec.3.1], we arrive at 
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Numerical methods for the problem with variable coefficients
Considering the initial-boundary value problem with variable coefficients
where the boundary and initial conditions are given in eqn. (4b) and (4c). The elliptic operator is given by
with known smooth functions   Inspired by the idea in eqn. (7), we take an iteration algorithm , to simplify, take 0 1
n k n b x y t q x y t c x y t u f y y
n k n k b x y t q x y t b x y t q x y t u u y y
where
; otherwise, denote 
Numerical experiments
We demonstrate the applicability of CTMMHD-ADI through some numerical tests. Given the numerical solution 
where N  is the number of test nodes calculated. The boundary and initial conditions are directly taken from the analytical solutions, and the initial guess is zero. Re
with the exact solution In the case with our meshless method, firstly transform the original domain
. Secondly, introduce the sinh transform proposed by Tee and
Trefethen [10] to reduce the singularity in x  direction,
where  ,  are parameters dependent on the singularity of the solution, which respectively represent the location and width of the boundary layer. c 
where v is the transplant of u and the transformed coefficients 2 , , .
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Khater et al. [12] combined traditional Chebyshev Spectral Collocation method (ChSC) with Runge-Kutta method of order four to solve this problem. Compared with the results obtained by ChSC (table 1) , CTMMHD-ADI gives higher accuracy (table 2). 
